Crossbred progeny from females, 3 yr old and older, representing Brown Swiss (B), Red Poll (R), Hereford (H) and Angus (A) maternal grandsires and maternal granddams in a diallel crossing experiment were evaluated to estimate breed mean maternal heterosis (~M) for each breed, maternal heterosis for specific breed cross,females (hM), average maternal heterosis for all crosses (~M) and breed grandmaternal effects (gM) for preweaning calf traits. Estimates ofh M were significant for birth date and weight, 200-d weight and 200-d weight/cow exposed. Even though calves with crossbred dams weighed more at birth, they did not differ from calves with straightbred dams in frequency of calving assistance. The estimates of h M were similar for most crosses and most traits, except 200-d weight and 200-d weight/cow exposed. The largest heterotic advantage was exhibited by progeny of BH reciprocal cross females, which exceeded crossbred progeny from BB and HH females for 200-d weight/cow exposed by 35.9 kg. The smallest heterotie effect was exhibited by crossbred progeny of RA reciprocal cross females. Progeny with R maternal granddams exhibited a higher (P<.05) live calf born and weaned percentage than progeny with H maternal granddams. Progeny with B maternal granddams were born later (P<.05) in the calving season than progeny with R maternal granddams. Progeny with A maternal granddams exhibited a lower frequency of calving assistance than progeny with H maternal granddams, and progeny with H maternal granddams were heavier (P<.05) at 200 d than progeny with R maternal granddams. There was a tendency for estimates of breed grandmaternal effects (g~I i ) to exhibit an inverse relationship with estimates of breed maternal effects (g~i)"
Introduction
effects from Phase I of a four-breed diallel crossing experiment involving Red Poll, Brown Swiss, Hereford and Angus breeds were reported for preweaning traits (Gregory et al., 1978b) ; growth rate and puberty in females (Gregory et al., 1978d) ; growth traits of steers (Gregory et al., 1978c) ; carcass traits of steers (Gregory et al., 1978a) ; and weight, height and condition score of females to 7 yr (Dearborn et al., 1987) . Reported in this paper are results from Phase II of the same experiment, which was designed to evaluate the maternal performance of the females produced in Phase I. The objectives of this study were to estimate breed mean maternal heterosis (-~M) for each breed, maternal heterosis for specific breed cross females (hM), average maternal heterosis for all crosses (-hm), breed grandmaternal effects (gM') for preweaning traits and for net breed effects in crosses (Xi) i.e., Xi = mean of each breed in all crosses. Estimates of h M, gM, h I, gM and g~ are required to predict results from different crossbreeding systems utilizing specific breeds (Dickerson, 1973 ; Gregory et al., 1978b) .
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Materials and Methods
This study included 549 unselected females (all females) produced at the Roman L. Hruska U. S. Meat Animal Research Center (MARC) during 1973 and 1974 . The breeds used in a four-breed diallel crossing design included Brown Swiss (B), Red Poll (R), Hereford (H) and Angus (A). The experimental design for Phase I was presented by Gregory et al. (1978b) , and information on feeding and management of replacement females was provided by Gregory et al. (1978d) . Dearborn et al. (1987) described the management of the same females during their reproductive years when they were producing the progeny evaluated in this study. The data reported are for cows calving as 3-, 4-, 5-, 6-and 7-yr-olds while raising calves by 3/4, 7/8 or 15/16 Simmental sires (muhi-sire matings). As yearlings, the females were mated to Santa Gertrudis, Brangus, Hereford and Angus sires, but all female breed groups were not completely cross-classified with the sire breeds. Because female breed group effects could not be estimated without some confounding with sire breeds, the progeny of 2-yr-old females were not included in these analyses. Breeding season was for 63 d and started the last week of May. Average birth date of calf was April 1. Calves were not creep-fed. Calves were weaned near mid-October at an average age of about 200 d.
The number of females by breed group and the number of observations for matings, calves born, calves weaned and milk consumption are reported in table 1. To estimate milk consumption, calves were penned with their dams at about 1600 and separated 2 h later; at 0600 the following morning, calves were individually weighed, allowed to nurse and reweighed. The difference between post-and pre-nursing weight of each calf was an estimate of milk consumption. This procedure was followed three times each year when the dams were 3-yr-olds, at intervals of 4 wk beginning in July.
All traits were analyzed by least-squares mixed model procedures (Harvey, 1977 bOnly single births raised as singles by their own dam were included in these data sets.
of record. AtI two-way interactions were included in the model; higher order interactions were assumed nonsignificant and deleted. All effects other than breed of maternal grandsire were tested using the residual mean square. Mean squares for sires within breed of maternal grandsire were used for testing breed of maternal grandsire. Sex of calf was added to the model for analyses of calving difficulty (%), birth date (Julian), birth weight and 200-d weight. Birth year of dam was deleted from the model for analyzing 12-h milk consumption, which was based on the average of three estimates for a sample of progeny from 3-yr-old females during the years 1976 and 1977. Linear functions of least-squares means for progeny from each breed group of dam were computed to estimate h M, ~M, ~M and gM'. More comparisons were made using the leastsquares means than there were independent degrees of freedom. Therefore, all of the comparisons are not independent. Tests of significance, although not independent, may be taken as guides as to whether the observed values could have occurred by chance. Estimates of gl, gM, h~j, -ill and ~I for this experiment were reported by Gregory et al. (1978b) .
Results and Discussion
Least-squares means and standard errors for preweaning performance of progeny representing each of the 16 breed groups of dams are reported in table 2. Breed group means can be interpreted using alternative genetic parameters (Eisen et al., 1983) . However, only estimates of hM,-hM,-h M and gM i' (Dickerson, 1973; Gregory et al., 1978b) are estimated and presented in this report (tables 3 and 4). Estimates of specific heterosis (h M) and average heterosis (~M) are presented in table 3; estimates of breed mean heterosis (~l~I), grandmaternal effects (gM') and net breed effects in crosses (Xi) are presented in table 4.
Maternal Heterosis. Maternal heterosis estimates for each of the reciprocal cross female combinations (h M) and average maternal heterosis (-tiM) for all crosses are reported in table 3. Effects of-h M were significant for birth date, birth weight, 200-d weight and 200-d weight/cow exposed. Progeny of crossbred females weighed more at birth and more at 200 d than progeny from contemporary straightbred females. These -hM estimates for 200-d weight are in close agreement with the report by MacNeil et al. (1982) and the report by Olson et al. (1985) . Expressing-h M as a percentage of the straightbred mean gave estimates of 1.7% for birth weight and 3.0% for 200-d weight. These estimates compare with 1.7 and 4.7% for birth and 200-d weights, respectively, reported by Cundiff et al. (1974b) .
Birth date for progeny of crossbred females was 2 d earlier than the average birth date for progeny from straightbred females. Cundiff et al. (1974a) reported longer gestations and earlier conceptions for crossbred than for straightbred females. Crossbred females tended to exhibit higher reproductive rates and also produced calves that consumed more milk.
Progeny of crossbred females exceeded progeny of straightbred females by 7.7% for 200-d weight/cow exposed. The magnitude of ~M is dependent, in part, on the average performance of the straightbreds. Because percent live calf weaned in this study was higher (86.9 vs 75.2%) than in the experiment reported by Cundiff et al. (1974a,b) , the estimate of ~M would not be expected to be as large as the 14.8% for 200-d weight/cow exposed reported by Cundiff et al. (1974a,b) , when expressed as a percentage of the straightbred mean.
The estimates of h. M. (table 3) were similar ij for most of the six crosses of females and for most of the traits. The largest and most consistent difference was for BH reciprocal cross females. Crossbred progeny from BH reciprocal cross females exceeded crossbred progeny from BB and HH straightbred females for 200-d weight/cow exposed by 35.9 kg. Gregory et al. (1978a) found that hilj was large and highly significant for 200-d weight/cow calving for BH and BA reciprocal crosses largely because of the low percentage calf crop weaned by the BB dams. In this study, the large h M estimate for BH reciprocal cross females for 200-d weight/ cow exposed is affected both by the relatively low percent live calf weaned of both HH and BB dams and the low 200-d weight for progeny from HH dams (table 2) .
One consistently small difference was for crossbred progeny of RA reciprocal cross females compared with crossbred progeny of RR and AA females. This was the only h. M. H estimate that was not positive and significant for 200-d weight, and the only h M estimate that was not positive for percent live calf weaned.
The four breeds were similar in breed mean heterosis (-tiM) in their crosses for most of the The results for these traits suggest that B and H exhibit higher-~M than A with R intermediate. Gregory et al. (1978a) reported that the four breeds were similar in h~ in their crosses for most of the traits, with the main exception being that the B breed exhibited higherh~ than the H breed in perinatal survival and higher h~ than either the H or R breeds in percent live calf weaned. They concluded that their results were due primarily to the poor performance of the purebred B breed in preweaning survival of progeny. The current analysis for 200-d weight provided large estimates of-hMB , even though the performance of the BB dams was higher than that of the other straightbreds. Breed Grandmaternal Effects. The comparison of breed of maternal granddam mean with breed of maternal grandsire mean includes progeny of both crossbred and purebred dams and estimates the average gM' for each breed (table 4). The four breeds differed (P<.05) in gM' for live calf born, live calf weaned, birth date of calf, calving difficulty (%) and 200-d weight. Progeny with R maternal granddams exhibited a higher (P<.05) live calf born and weaned percentage than progeny with H maternal granddams. Progeny with B maternal granddams were born later (P<.05) in the calving season than progeny with R maternal granddams. Progeny with A maternal granddams exhibited less (P<.05) calving difficulty than progeny with H maternal granddams 9 Progeny with H maternal granddams were heavier (P<.05) at 200 d than progeny with R maternal granddams. Koch (1972) reviewed the inverse relationship between maternal and grandmaternal effects for traits affected by lactation. The results from this study, when compared with results reported by Gregory et al. (1978b) , confirm the negative relationship between maternal and grandmaternal effects for traits related to lactation, and suggest that a negative relationship may also exist for calf survival traits (i.e., percent live calf weaned). Koch et al. (1985) reported an inverse relationship in gM and gl~i' for traits affected by lactation in a study involving the Hereford and Angus breeds as straightbreds, F1, F2 and reciprocal backcrosses.
Net Breed Effects in Crosses. Estimates of breed effects (maternal grandsire-plus-maternal granddam) in crosses for each breed (Xi) are presented in table 4. These estimates include the combined effects of g~, gM, gM' and~M for the four breeds. Net breed effects in crosses (Xi) are the best estimates of the relative merit of a breed for rotational crossbreeding or as a contributor to a composite breed involving the combination of breeds included in this study 9
The four breeds, in crosses, did not differ (P>.O5) from each other in percent live calf born or percent live calf weaned. Average birth date of progeny of A-cross females was earlier (P<.05) than average birth date for progeny of either B-or R-cross females. The frequency of difficult births was less (P<.05) for A-cross dams compared with either R-or H-cross dams.
Progeny of A-cross females exhibited the lightest (P<.05) average birth weight compared with progeny of the crosses of the threeiother breeds. Gregory et al. (1978b) reported that the A breed in crosses was significantly lighter in weight at birth compared with the three other breeds. Progeny of B-cross females exhibited heavier (P<.05) 200-d weights and 200-d weight/cow exposed than progeny of crosses of the three other breeds. Progeny of R-cross females were heavier (P<.05) than the progeny of H-and A-cross females in 200-d weight. Gregory et al. (1978b) reported that B ranked higher than the three other breeds in crosses for 200-d weight.
General. Estimates of g[, gM andh~ reported by Gregory et al. (1978b) and~ M and gU' from this analysis for percent live calf weaned, birth weight and 200-d weight for the R, B, H and A breeds are reported in table 5. Differences among breeds were observed (P<.05) in ~I for percent live calf weaned and in ~M for 200-d weight. Cundiff et al. (1974b) reported that specific effects of h M were greater for Hereford-Shorthorn reciprocal crosses than for Angus-Shorthorn reciprocal crosses and tended to be greater for Hereford-Angus reciprocal crosses than Angus-Shorthorn reciprocal crosses. Gregory et al (1965) reported that h. I. was
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approximately twice as great for Hereford-Angus and Hereford-Shorthorn combinations as for Angus-Shorthorn for birth weight, preweaning daily gain and weaning weight. Alenda et al. (1980) reported no maternal heterosis for birth weight and that the magnitude of ~M was several times that of ~I for weaning weight. Dillard et al. (1980) found no ~M for birth weight and a relatively small, though significant, value of 3.6 kg forh M for weaning weight. Differences among breeds in gI were impor rant (P<.05) for percent live calf weaned, birth Differences among breeds in gM' for birth weight and 200-d weight were smaller than breed differences in gM. The reason(s)for the larger estimates of breed differences in gM.' for percent live calf weaned compared with g~l i are not readily apparent. In general, the inverse relationship between gM and gM' (Koch, 1972) was observed in this study. This inverse relationship between gM and gM' agrees, also, with Alenda et al. (1980) . The results of the present study document the importance of-~M, and gM.' for preweaning traits. Estimates of hl~i and gl~i' should be considered along with estimates of ~, gM and g~ in planning rotational crossbreeding systems or in the formation of composite breeds.
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